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Key Questions|

What intra-seasonal - decadal predictability exists in the
climate system, and what are the mechanisms responsible for
that predictability?

To what degree is the identified predictability (and associated
climatic impacts) dependent on model formulation?

Is the identified predictability of societal relevance?




Weather <--> Climate Connections

« Several major time scales of variability are often
superposed and strongly interacting with each other

* Intraseasonal time scales interact strongly with
iInterannual variability

 Interannual variability is affected by interactions with
longer time scales




OUTLINE

High Resolution Coupled Model Activities
Intra-Seasonal
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Decadal
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High Resolution Model development

Scientific Goals:

Simulated variability and predictability is likely a function of
the model

Developing improved models (higher resolution, improved
physics, reduced bias) is crucial for studies of variability
and predictability

Explore ocean’s role in climate variability and change using a high resolution
coupled model.

New global coupled models: CM2.4, CM2.5, CM2.6

CM2.1 100 Km 250 Km GFDL Running
CM2.3 100 Km 100 Km  GFDL Running
CM2.4 10-25 Km 100 Km  GFDL Running
CM2.5 10-25 Km 50 Km DOE Running
CM2.6 4-10 Km 25 Km DOE In development
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Observational estimates (satellite)

3.5

Longitude] og scale, units: cm?2 s2

Eddy Kinetic Energy from
satellite records and models
(using 5 day means)

Courtesy Riccardo Farneti



Intra-Seasonal
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High Res Climate Modeling: MJO/ISO

Total daily variance vs. ISO daily variance

Wheeler Kiladis wave — freq analyses
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variance precip anom fil (20—100da,JAN—-DEC)
CM2.1P_Control—1990 test?
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CM2.1P_Control—1990_test? " AVHRR
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Wheeler—Kiladis Normalized Power Spectra
AVHRR olr Lat = 15stolSn 1979 —2005
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Unfortunately these same modifications often cause a deterioration in the D,
representation of mean climate and other longer time scale features. v



Events in Obs and GFDL Models
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Does intraseasonal SST variability in the thermocline ridge region
influence the MJO, or are oceanic changes largely unimportant to the
subsequent evolution of the MJO?
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sea surfoce temperoture (°C)
oll years mean

(a) World Ocean Atlos 2005
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merid wind stress (dPo) merid wind stress (dPo) merid wind stress (dPo)
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total precip (mm/doy)
oll menths mean

(a) GPCP.v2 gouge + sotellite (1979~2005)
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Andes topography height (km) on native grid

(a) SSv6.2 obs  (b) CM2.1 (¢) CM2.1¢cube (d) MI0L24 (e) CO0L32
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tropical oceanic precip (vs. GPCP.v2)
clim, all months
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GFDL Coupled Model East Pacific Precipitation
(150°W-90°W)
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GFDL Coupled Model East Pacific Precipitation
(150°W-90°W)
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GFDL Coupled Model East Pacific Precipitation
(150°W-90°W)
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ITCZ moves close to equator in both hemispheres, in addition to weakening SEP ITCZ.
Meridional asymetry seems to be more influenced by ocean res. than atmos. res.

(compare CM2.3 is much more symmetric than either CM2.4 or CM2.5).
GFDL Coupléd Model East Pacific Precipitation
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West Pacific Precipitation (7 mm-day™' contour)
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Surface zonal current (0 m-s'1 contour
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surface temperature (°C)
[ > 1yr, onom stddev of oll months

(a) ERA40 reanalysis (1979-2001)
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equatorial subsurface temperature anomaly (°C, 2°S:2°N)

standard deviation

(o) EFCOAv1 (1979-2008)
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NINO3 SST spectra

(o) NOAA ER.v2 obs (1957-2002)
(b) CM2.1U_Control-1990_£1 (0001-0100)
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NINO3 SST from CM2.1U_Control-1990_E1 (0001-0100) NINO3 SST from CM2.3SP_CA_Control_1990_A1 (0001-0060)

(o) Timeseries (montnly, annual, decadal): s=1degC (o) Timeseries (montnly, annual, decadal): s=1degC

e b b s b s e | T EEET PR PR TE T T ST EEE TS TN NN |

32.0 - ~ 32.0 - ~ .
— (— ave: — (— ave: 25.3, 25.2
- . b 3 . — b 3 0.765, 0.148
w 280 doa A A 4 A Z\ A A [\ AL q A AN [E FAVIIp S :iw: X o 2807 AW, SO P\ WL e PR W S P . WA U A W :iw: o.ogs; 1.29
24.0 47 ' max: . 24.0 H max: 27.5, 25.8
-1 ’ = min: 23.1, 249 -1 = min: 23.7, 249
20.0 —H T T T T T T T T T T T T T T 20.0 4T T T e
0020 0040 0060 0080 0100 0010 0020 0030 0040 0050 0060
(c) Mean spectra, (c) Mean spectra,
(b) Spectral density (s? octave™") first/lost/ < /all epochs (b) Spectral density (s? octave™") first/lost/ < /all epochs
0.25 —p g e T Y R IR L R T D I TN FETTTETI P T Y R IR
0.5 00 4 0 0o o : - - 0.5 0.5 - 0.5
—~ —~
& 20) . -1 & - -
o - L — 2 o 2 4 — 2
.0 N _2\ .0 =
& — B — - 4 o 4 - 4
Q Q
- -8 8 - -8
B e 1T 16 B o e B AT 1T 16
0020 Q0040 0060 0080 01000.0 1.0 2.0 0010 0020 0030 0040 0050 0060 0.0 1.0 2.0
2 1 2 1
. s“ octave . s“ octave
(d) Integroted variance: short < 1.4YR < long (d) Integroted variance: short < 1.4YR < long
4.0 —ennnn bl sl 4.0 o v b e b b |
: long_int25: 2.5 : long_int25: 2.6
= [~ long_int50: 3.5 i [ long_int50: 3.2
NU: 2.0 - - {(nvq int75: 4.6 NU: 2.0 - - :::z(:r;lu/f;14|
— [~ long_ver: 1.7 1 [~ long_vor: 0.71
0020 0040 0060 0080 0100 0010 0020 0030 0040 0050 0060
NINO3 SST from CM2.4SQ_CA_Control_1990_L2 (0001-0060) NINO3 SST from NOAA ER.v3 Obs (1880-2007)
(o) Timeseries (montnly, annual, decadal): s=1degC (o) Timeseries (montnly, annual, decadal): s=1degC
[ PSS U P T VE ETETETE S S 32,0 |l
g C o g I
0 BOR N2 A ANSAAAAA S A AS AL o 2893 o
24.0 — - max 24.0 —  max:
-1 = min: -1 = min:
20.0 4T T e e 20.0 —frrrrrrrrTTTTIITTTITT ) M T
0010 0020 0030 0040 0050 0060 1880 1900 1920 1940 1960 1980 2000
(c) Mean spectra, (c) Mean spectra,
(b) Spectral density (s? octave™") first/lost/ < /all epochs (b) Spectral density (s? octave™") first/lost/ < /all epochs
0.25 0.25
0.25 ~ — 0.25
0.5 - - ~ 0.5 N ~ —
—~ —~ 0.5 4 = ~ 0.5
o i L o — - - -
X z 1 C C!
o 1 2 T 2 - — -2
Ks) = o ] - -
o . -4 T C 7 -4
@ e g C C &
8 - - -8 57 C C
contour=0.5 16 contour=0.5 [~ — 16
B At o e S S B 1T 16 : T ey e T
0010 0020 0030 0040 0050 0060 0.0 1.0 2.0 1880 1900 1920 1940 1960 1980 2000 0.0 1.0 2.0
2 1 2 1
. s“ octave . s“ octave
(d) Integroted variance: short < 1.4YR < long (d) Integroted variance: short < 1.4YR < long
4.0 o v b e b b | 4.0 i YT ol Lol
. long_int25: 2.3 : long_int25: 2.4
“ 1 ~ 50: 2.7 “ 1 [~ long int50: 3.5
— — — — long_int75: 5.2
n 2.0 shorl, vars n 20 sh(:;rl vor: 0.88
—“& o<7>~'< ~ 7 \ S : /\\ SN\ fong_vor: 1 - [ long_vor: 0.58
0.0 —rrrrrr T T T T e e T e MoVt o = 1.74 (93.6%) 0.0 T T —m—— YoVt o7 = 146 (35.2%)
0010 0020 0030 0040 0050 0060 1880 1900 1920 1940 1960 1980 2000




zonal wind stress (cPa) zonal wind stress (cPao) zonal wind stress (cPao)

[ > 1yr, anom stddev of oll months [ > 1yr, anom stddev of oll months [ > 1yr, onom stddev of oll months
(a) ERA40 reanalysis (1979-2001) (a) ERA40 reanalysis (1979-2001) (a) ERA40 reanalysis (1979-2001)
20°N 1 X ae 20N W X ae 20N W X ave
36 0888 | ’ 36 0884 | ’ 36 088
N 52 N o | | N o | |
(I/\\"b 24 std | 24 sto | 24 std
Hao 0325 1 | [V | YA Y Hao 0323 1 | LURAL | YA Y 24 0324
[IL \ I | L% (- i -Z 0° - A (-\?\ \\ ) -Z 0° - ) -Z
b \ - ; : h Y T\ ; : ; :
s DR LN Y8\ \=VZA IR | R |
s VWA % TR s LR T s DT
WS Sl Sl L\
‘ ‘ O \ :l“ min O :l“ min O :l“ min
[} — f 1 — ‘ Al - ‘
s LA T ’h o A 1O ooss g LD . e 1) [ DI oo g LI . ey I AN o
(b) CM2.1U_Control-1990 E1 (0001-0100) (b) CM2.35P CA Contro! 1990 A1 (0001-0060) (b) CM2.45Q CA Control 1990 L2 (0001-0060)
20°N iy ——t P SR Lo :mzw.1..1..:_..1..1..1.4 :mzw.1..1..‘__.’.1..1..1.4 e
%109 | % 0 2= .A\\/ ?! v LY
32 | V{8 5 3 \ V{8
M g | M g - M g
He4 0503 H4 o327 i {k\“ N [ 026
J | 2 | 2 -\ Al J | 2
E 16 mox E 6 mox / (. A E 6 mox
Hiz 2.29 Hiz 1.62 3 Hiz 1.712
\ Hos . Hos . \ﬁ Hos .
(\ w04 min w04 min | w04 min
n 0.107 n 0.0818 i i | n 0.105
L I R T 0 L I B B B | L
()-{ el “a ()-(0 e
g Qv g ave zw- g ave
18 0255 18 _0.0633 18 _0.0147
12 12 o 12
04 8l 04 8l 04 8l
04 036 1 ] AR Yo e 0402 1 MATN TTW 04 0.232
0 0 0° 1 0
-04 mox -04 mox -04 mox
on 133 -oa 0.75¢ 0% « o 073
12 -12 -12
8 min R min R min
2% T -t 1 -2 =231 LA T T T =166 20° - L B R B R | -2 K
BOPE 120°E 180° 120°W 60w 0 BOPE 120°E 180° 120°W 60w 0 BOPE 120°E 180° 120°W 60°W 0
corr(a,b) = 0.79 RMSD(0,b) = 0.406 corr(o,b) = 0.69 RMSD(0,b) = 0.262 corr(a,b) = 0.74 RMSD(0,b) = 0.233



tropical oceanic surface fields (vs. ERA40) tropical oceanic precip (vs. GPCP.v2)
interann anomaly stddev, all months interann anomaly stddev, all months
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Crucial points:

» Robust predictions will require sound theoretical
understanding of decadal-scale climate processes and
phenomena.

» Assessment of predictability and its climatic relevance
may have significant model dependence, and thus may
evolve over time (with implications for observing and
initialization systems).

But ... even if decadal fluctuations are not predictable, it
is still important to understand them to better understand
and interpret observed climate change.




GFDL Decadal Prediction Research in support of IPCC AR5

Key goal: assess whether climate projections for the next several decades can
be enhanced when the models are initialized from observed state of the
climate system.

« Use ECDA for initial conditions from “observed state”
Produce ocean reanalysis 1970-2009

« Use “workhorse” CM2.1 model from IPCC AR4 [2009]
Decadal hindcasts from 1980 onwards (10 member ensembles)
Decadal predictions starting from 2001 onwards (10 member ensembles)

« Use experimental high resolution model (if scientifically warranted) [2010]
Decadal predictions starting from 2001 onwards (10 member ensembles)

 Use CM3 model for IPCC AR5 [2010, tentative]
Decadal predictions starting from 2001 onwards (10 member ensemble)
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More rain over Sahel

Two important aspects:
a. Decadal-multidecadal fluctuations
b. Long-term trend
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What will the next decade or two bring?
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Strength of ocean circulation

Model
projection

As climate warms,
- Atlantic ocean ]
- circulation weakens .

Putting the pieces together ...

1. Decadal-multidecadal fluctuations

a. Natural variability

b. Forced change

2. Long-term weakening trend of circulation

Warm GOAL: Predict decadal scale

surface

o evolution of the Atlantic in
urr .
response to multiple factors
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GFDL CM2.4 Global Coupled Model

@& SST, surface currents

GFDL CM2.1 Global Coupled Model
SST, surface currents

ARA4. Even so, important processes are
not well resolved.

decadal variability and predictability
to model resolution and physics?

Other issues:

- ocean heat uptake

- ocean circulation changes (ENSO,
AMOC, Southern Ocean)
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GFDLCM 2.4

Sea Surface Temperature (°C)
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GFDL CM 2.4

Hi-Res Coupled Madel
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Weather <--> Climate Connection

Improved regional forecast capabilities of U.S. temperatures
and precipitation from a week to a season.

Climate prediction capabilities for high-impact events,
including droughts and major floods.

Enhanced data sets and analyses to identify and interpret
weather-climate connections between the tropics and mid-
latitudes.

Improve understanding and predictions of
connections between climate variations and

high impact weather phenomena (droughts,
floods)




